IMPORTANCE Ovarian teratomas are frequently described in patients with N-methyl-Daspartate receptor (NMDAR) encephalitis, yet NMDAR encephalitis is rarely described in patients with ovarian teratomas. Understanding why a minority of patients with teratomas are seen with autoimmune encephalitis may improve the management of NMDAR encephalitis and other teratoma-associated autoimmune diseases.
O varian teratomas are described in more than 50% of adult women with N-methyl-D-aspartate receptor (NMDAR) encephalitis, an autoimmune neurological disorder characterized by progressive psychiatric symptoms, hyperkinetic movements, autonomic compromise, and autoantibodies against the central nervous system (CNS) NMDAR. [1] [2] [3] The discovery of neuroglial elements (expressing the NMDAR) 2, 4 within teratomas resected from patients with NMDAR encephalitis suggests that neuroglial tissue may be integral to autoantibody formation and disease pathogenesis. However, neuroglial tissue is observed in 30% to 50% of mature cystic teratomas resected from patients without CNS dysfunction 5 or NMDAR autoantibodies. 6 Therefore, neuroglial tissue alone does not trigger NMDAR autoantibody formation. Distinctive reactive lymphoid elements have been observed in close approximation to neuroglial elements in teratomas resected from patients with NMDAR encephalitis but not in teratomas resected from individuals without neurological symptoms. 7 Following the histological findings observed in one case, we hypothesized that the organization of neuroglial elements within teratomas resected from patients with NMDAR encephalitis may underlie the selective immune response that characterizes teratoma-associated disease.
Methods

Study Recruitment
The institutional research ethics board at Saint Michael's Hospital, Toronto, Ontario, Canada, approved the study methods and procedures. All cases and controls provided written consent to the use of resected tissue for research. The pathological features of ovarian teratomas resected from 5 consecutively accrued cases with NMDAR encephalitis were compared with those resected from controls without neurological dysfunction. All cases had symptoms and signs consistent with NMDAR encephalitis, [1] [2] [3] 8, 9 with NMDAR autoantibodies detected in serum or cerebrospinal fluid (using established techniques 2, 8 
Histopathological Examination
Tissues from cases and controls were fixed in formalin, embedded in paraffin, and sectioned according to standard laboratory techniques by laboratory technologists blinded to case-control status. On average, a mean (SD) of 3.0 (1.9) (maximum of 5 and minimum of 1) sections per case and 4.7 (2.0) (maximum of 10 and minimum of 1) sections per control were prepared (P = .08). Five-micrometer-thick sections were stained with hematoxylin-eosin or processed for immunohistochemistry using an automated staining system (BenchMark XT; Ventana) at 37°C, developed with diaminobenzine, and counterstained with hematoxylin. The antibodies used, concentrations, and antigen retrieval procedures are listed in Table 1 .
Hematoxylin-eosin-stained sections were examined for the presence of nervous system tissue and inflammatory infiltrates by unblinded study authors (S.L. and D.G.M.). The presence of CNS tissue was confirmed using specific stains for CNS neurons and glial cells. 10 Ki-67 immunostaining was used to 
Statistical Analysis
Prespecified clinical and pathological information was captured for cases and controls and was summarized using descriptive statistics. Continuous numerical variables were compared using the t test (2 sample, assuming equal variance). Categorical data were compared using the Fisher exact test. Statistical significance was defined as P < .05. Statistical analyses were performed using available software (SPSS Statistics 20; IBM Corporation).
Results
Clinical Findings
The clinical features, results of selected clinicopathological investigations, and disease course are summarized for all cases with NMDAR encephalitis in Table 2 . Cases ranged in age from 19 to 38 years. No cases had a known history of autoimmune disease or gynecological disorders. All cases reported nonspecific flulike symptoms, which preceded behavioral or personality changes and psychiatric symptoms by days. Cases C and E were initially admitted under psychiatry services for the management of psychoses. Case A developed waxy flexibility of the upper extremities with pyrexia and nonresponsiveness, for which she received 7 courses of electroconvulsive therapy, without improvement. All cases developed symptoms and signs typical of NMDAR encephalitis, including movement disorders (4 of 5), seizures (5 of 5), and autonomic instability (5 of 5), requiring management in the intensive care unit. All cases had normal structural magnetic resonance imaging of the brain. Most cases (4 of 5) had an isolated lymphocytic pleocytosis within cerebrospinal fluid, without microbiological evidence of bacterial or viral infections (herpes simplex, varicella-zoster, or Epstein-Barr).
A presumptive diagnosis of NMDAR encephalitis was established in 4 of 5 of cases within 4 weeks of presentation, with cerebrospinal fluid autoantibodies against CNS NMDAR confirmed in all cases. Unilateral cystic ovarian masses were identified on magnetic resonance imaging of the pelvis and were resected early in the disease course. Empirical immunosuppressant treatments were started at the time of clinical diagnosis of NMDAR encephalitis. Cases A and C responded to first-line treatments (methylprednisolone and/or immune globulin intravenous pentetate) and made an excellent recovery. The clinical course of case B was complicated by medically refractory nonconvulsive status epilepticus. Case E died of progressive autonomic collapse (thirddegree heart block with hypotension and eventual cardiac 
Pathological Findings
Teratomas resected from cases with NMDAR encephalitis and from controls without neurological dysfunction were characterized by the presence of nervous system tissue, abnormal CNS neurons, and inflammatory infiltrates ( Table 3) . Cases and controls did not differ significantly in age or the frequency with which nervous system tissue was identified ( Table 4) . Four mature and one immature cystic teratomas were resected from cases. All teratomas resected from controls were mature teratomas. Central nervous system tissue was identified within teratomas in 4 of 5 cases. The CNS tissue found within the 3 mature teratomas (cases A, C, and D) contained mature but dysplastic neurons, exhibiting binucleation or multinucleation, with dysmorphic shape and clustering ( Figure 1 (Figure 2) . However, no dysplastic neurons, mitotic figures, or glial nuclear atypia were identified in control teratomas. Therefore, the presence of atypical CNS neurons reliably distinguished teratomas resected from cases (P < .001). Central nervous system neuronal elements were closely approximated by inflammatory infiltrates in all cases containing CNS tissue (4 of 4) but not in controls (0 of 20), further distinguishing these 2 populations (P < .001).
Discussion
Four of five ovarian teratomas resected from cases with NMDAR encephalitis contained abnormal CNS neurons, including dysplastic neurons or proliferating neuroblasts. Inflammatory infiltrates approximating neural elements were observed more frequently in cases than controls, consistent with prior evidence. 7 However, in the cases reported herein the inflammatory infiltrates were closely related to abnormal CNS neurons. The colocalization of dysplastic neurons and inflammatory infiltrates may have important implications for the pathogenesis of teratoma-associated NMDAR encephalitis and may explain why a minority of teratomas are associated with autoantibodies against NMDAR encephalitis. Organized dysplastic neurons have not previously been described within ovarian teratomas or in patients with NMDAR encephalitis. Had these tumors been resected from the CNS, the neuronal abnormalities would have met World Health Organization 12,13 criteria for classification as gangliogliomas (n = 3) and a ganglioneuroblastoma (n = 1). A pathological hallmark of gangliogliomas and ganglioneuroblastomas is the frequent association with peritumoral inflammation, 15 which may organize into follicles in welldifferentiated ganglioneuroblastomas. 16 The greatest degree of inflammation and follicular organization is reported in patients with associated autoimmune phenomena (ie, opsoclonus-myoclonus syndrome). 17 Therefore, the abnormalities reminiscent of tumors observed within teratomas from cases may provide the nidus for an immune response causing antibody formation against tumor antigens, including the NMDAR, leading to the pathogenesis of NMDAR encephalitis. These findings build on previous evidence 7 by providing the first direct evidence that intrinsic tumoral abnormalities associate with inflammatory infiltrates in teratoma-associated NMDAR encephalitis. Our findings may also explain the preponderance of immature teratomas reported in patients with NMDAR encephalitis. 2, 4, 7 In case E, neither abnormal neurons nor CNS tissue was found in the teratoma. While it is possible that abnormal neurons were present but not sectioned, we speculate that autoimmunity may have developed via alternate mechanisms. Epitopes recognized by NMDAR autoantibodies are described within the cytoplasm of normal human oocytes 18 and in many non-CNS areas. 8 Therefore, immune interactions with normal tissues could promote the development of autoimmunity. Such interactions could be further promoted by exposure to immunogenic agents, including viruses, explaining the frequently reported infectious prodrome 2,9 and the development of NMDAR encephalitis following herpes simplex encephalitis. [19] [20] [21] [22] [23] Abnormal CNS cells were observed within teratomas resected from controls. However, these abnormalities were consistent with changes observed in normal neuroglial tissues This case-control study is subject to several limitations, notably the small number of cases enrolled. Despite this shortcoming, the detection of dysplastic neurons within teratomas in our sample predicted cases with NMDAR encephalitis with good sensitivity (80%) and specificity (100%). Future studies with larger cohorts are required to verify these findings and to evaluate the specificity of intratumoral neuronal abnormalities for the diagnosis of NMDAR encephalitis. One additional limitation is that study authors were unblinded to the teratoma source (ie, cases or controls) when reviewing the histopathological findings. Although suboptimal, this limitation is unlikely to have affected the histopathological interpretation because the samples were sectioned and prepared by blinded laboratory technologists before review. Furthermore, CNS neurons were observed with similar frequencies in teratomas resected from cases and controls, strengthening the assertion that abnormal neurons were characteristic of teratomas from cases and not merely overlooked in controls.
The specific abnormalities reported in this study have not previously been described in the literature. This may reflect the underrecognition of dysplastic neurons within teratomas from patients with NMDAR encephalitis. Our observations emphasize the importance of direct visualization of the cytoarchitectural organization of neuronal elements using basic tissue stains. Extrapolating from our experience, pathological assessment can be completed efficiently in teratomas resected from patients with unexplained neurological symptoms by adopting a 2-step strategy focusing first on areas containing CNS tissue and second on neurons closely approximated by inflammatory infiltrates. In centers without rapid access to autoantibody testing, it is plausible that direct histopathological assessment of teratomas could be completed before the autoantibody results are reported. In such scenarios, the colocalization of dysplastic CNS neurons and inflammatory infiltrates would support an autoimmune cause for the clinical presentation. Although the ability to formally evaluate clinicopathological associations was beyond the scope of this article, it is notable that the case with the teratoma containing the most dysplastic neurons (case B) experienced the longest inpatient admission (14 months) and the poorest recovery among cases surviving to discharge (Modified Rankin Scale 14 score of 2 at 2 years after disease onset). Autoantibody titers are highest in individuals with teratoma-associated NMDAR encephalitis 2, 27 and may be highest in patients with teratomas containing markedly dysplastic neurons. The possible relationship between teratoma pathological findings and clinical and immunological findings is intriguing and worthy of prospective study among larger numbers of individuals with teratoma-associated encephalitis.
Conclusions
We report an association between dysplastic neuronal elements within teratomas resected from 4 cases with NMDAR encephalitis but not controls. Abnormal neurons were closely associated with prominent inflammatory infiltrates. Intrinsic abnormalities within teratomas may promote the development of autoimmunity in teratoma-associated NMDAR encephalitis. with Rosenthal fibers (black arrowheads) and pigmented epithelium (white arrowheads). No inflammatory infiltrates were observed in association with neuroglial tissue in teratomas resected from controls.
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